During the process development of Pregabalin 1, a known anticonvulsant drug, six potential impurities were identified in the final crude material ranging from 0.01 to 0.15% by LCMS. All six impurities were subsequently synthesized and characterized by IR, MS and NMR spectral data. Four of the six related substances are known as 4-isobutylpyrrolidin-2-one 6, 3-isobutylglutaric acid 2, (R)-(-)-3-carbamoylmethyl-5-methylhexanoic acid 5 and (R)-(-)-3-aminomethyl-5-methylhexanoic acid 8, whilst (S)-3-aminomethyl-5-methylhexanoic acid isobutyl ester 9 and (S)-3-aminomethyl-5-methylhexanoic acid isopropyl ester 10 are new compounds reported for the first time in our process. The present work describes the formation, synthesis and characterization of these impurities.
Introduction
Pregabalin 1 ((S)-(+)-3-aminomethyl-5-methylhexanoic acid) is a novel and potent anticonvulsant agent for the treatment of epilepsy and pain.
1 It has also been found to be more active than Gabapentin in preclinical models of epilepsy.
2 It has more potent and robust activity in various models of epilepsy, neuropathic pain and anxiety. 3 The presence of impurities in an active pharmaceutical ingredient (API) can have a significant impact on the quality and safety of the drug products. Therefore, it is necessary to study the impurity profile of the API to be used in the manufacturing of drug substance. International Conference on Harmonization (ICH) guidelines recommended identifying and 
Formation of related compounds
The substance 6 was formed during Hofmann reaction of (R)-(-)-3-carbamoylmethyl-5-methylhexanoic acid 5 in the presence of bromine and sodium hydroxide. 8a The related compound 6 was synthesized by the reaction of (R)-(-)-3-carbamoylmethyl-5-methylhexanoic acid 5 with excess of sodium hydroxide and bromine at elevated temperature (Scheme 2). The mass spectrum displayed a protonated molecular ion at m/z 142 and the NMR spectrum showed a peak at δ 7.44 ppm corresponding to cyclic amide -NH proton. Based on the spectral data the structure was confirmed as 4-isobutylpyrrolidin-2-one 6.
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Scheme 2
Related substance 2, a potential impurity which is base hydrolyzed product during Hofmann reaction, 8b was synthesized by the reaction of (R)-(-)-3-carbamoylmethyl-5-methylhexanoic acid 5 with excess of sodium hydroxide at elevated temperature (Scheme 3). The mass spectrum of compound 2, displayed a negative molecular ion at m/z 187 whilst in the IR spectrum a sharp band appeared at 1575 cm -1 corresponding to an aliphatic acid carbonyl and the spectral data is consistent with the structure of 3-isobutylglutaric acid 2. (R)-(-)-3-Carbamoylmethyl-5-methylhexanoic acid 5 is one of the key intermediate in the synthesis of Pregabalin 1. It was prepared by the resolution of racemic 3-carbamoylmethyl-5-methylhexanoic acid 4 with (R)-1-phenylethylamine in the presence of chloroform and ethanol (Scheme 4). The mass spectrum of the substance 5, showed a protonated molecular ion at m/z 188. The IR spectrum showed a sharp band at 1712 cm -1 corresponding to acid carbonyl and at 1644 cm -1 corresponding to amide carbonyl. The NMR spectrum displayed a peak at δ 6.76 and δ 7.43 ppm corresponding to amide -NH2 protons. Based on the spectral data, the structure was confirmed as (R)-(-)-3-carbamoylmethyl-5-methylhexanoic acid 5. Any traces of (S)-(+)-3-carbamoylmethyl-5-methylhexanoic acid 7 that is present in (R)-(-)-3-carbamoylmethyl-5-methylhexanoic acid 5 converts to enantiomer of Pregabalin i.e., (R)-(-)-3-aminomethyl-5-methylhexanoic acid 8 during the Hofmann reaction with bromine and sodium hydroxide. Substance 8 was synthesized by the resolution of racemic amide 4 with (S)-1-phenylethylamine in chloroform and ethanol followed by Hofmann reaction (Scheme 5). The mass spectrum of the substance 8 displayed a protonated molecular ion at m/z 160. The IR spectrum showed a sharp band at 1644 cm -1 corresponding to acid carbonyl and the specific optical rotation of [α]D 25 -10.7° confirms the structure of (R)-(-)-3-aminomethyl-5-methylhexanoic acid 8. 
Scheme 5
Hofmann reaction of substance 5 with bromine and sodium hydroxide affords Pregabalin 1. However, as a side reaction isobutanol which is used as solvent for the extraction, reacts with 1 and leads to the formation of isobutyl ester of Pregabalin. This impurity was quantitatively synthesized in the form of hydrochloride salt by the reaction of Pregabalin 1 with thionyl chloride in the presence of isobutanol (Scheme 6). The mass spectrum of the substance 9 displayed a protonated molecular ion at m/z 216 and a sharp band at 1727 cm -1 was observed in the IR spectrum which was attributed to ester C=O stretching. The NMR spectrum exhibited 12 protons at δ 0.83-0.90 ppm corresponding to four methyl groups and a doublet at δ 3.8 ppm corresponding to two protons of methylene group adjacent to oxygen atom. Based on the spectral data, the structure of this impurity is assigned as (S)-3-aminomethyl-5-methylhexanoic acid isobutyl ester hydrochloride 9. 
Scheme 6
During Hofmann reaction, isopropanol which is used as a solvent for isolation reacts with 1, as a side reaction and leads to the formation of isopropyl ester of Pregabalin. This impurity was synthesized in the form of hydrochloride salt by the esterification of Pregabalin 1 with thionyl chloride in the presence of isopropanol (Scheme 7). The mass spectrum of the substance 10 ISSN 1551-7012
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displayed a protonated molecular ion at m/z 202 and a sharp band at 1727 cm -1 was observed in the IR spectrum which was attributed to ester C=O stretching. The NMR spectrum displayed a doublet at δ 1.2 ppm corresponding to two methyl groups and a multiplet at δ 4.86-4.95 ppm corresponding to -CH proton of isopropyl ester. Based on the spectral data the structure of this impurity is assigned as (S)-3-aminomethyl-5-methylhexanoic acid isopropyl ester hydrochloride 10. 
Conclusions
In conclusion, we have identified, synthesized and characterized six potential process related impurities 2, 5, 6, 8, 9 and 10 of Pregabalin 1.
Experimental Section
General. The 1 H NMR was recorded in DMSO at 300 MHz on a Bruker 300 MHz FT NMR spectrometer. The chemical shifts were reported in δ ppm relative to TMS. The FT-IR spectra were recorded in the solid state as KBr dispersion using a Perkin-Elmer 1650 FT-IR spectrophotometer. The mass spectrum (70 eV) was recorded on an Agilent-6310 LC-MS spectrometer. The solvents and reagents were used without any purification. (6) . To a stirred mixture of water (175 mL) and sodium hydroxide (29.2 g, 0.730 mol) was added bromine (25.5 g, 0.159 mol) slowly for 45-60 min at -10 to -5 °C. Stirred the reaction mixture for 30 min and added (R)-(-)-3-carbamoylmethyl-5-methylhexanoic acid 5 (25.0 g, 0.133 mol) in lot wise for 45-60 min at -10 to -5 °C. Slowly heated the reaction mixture to 85-90 °C over a period of 5 h and stirred for 8 h at the same temperature. After completion of reaction (TLC), extracted the compound with toluene (2x75 mL) at 80-90 °C and washed the toluene layer with water (50.0 mL), removed the toluene completely under reduced pressure to get light yellow colored oily liquid 4-isobutylpyrrolidin-2-one 6 (5.0 g, yield: 26.2%, purity by HPLC 99% (S)-3-Aminomethyl-5-methylhexanoic acid isobutyl ester hydrochloride (9). To a mixture of Pregabalin (1, 10.0 g, 0.062 mol) and isobutanol (50.0 mL) was added thionyl chloride (14.9 g, 0.125 mol) at 10-15 °C and slowly heated to reflux, stirred for 3-4 h at the same temperature. After completion of reaction (TLC), distilled out solvent completely under reduced pressure and purified the crude compound in n-hexane to afford (S)-3-aminomethyl-5-methylhexanoic acid isobutyl ester hydrochloride 9 (9.6 g, yield: 61%, purity by HPLC 99.3% C NMR (DMSO-d6, ppm): 171. 13, 67.17, 41.85, 38.6, 36.45, 31.04, 24.46, 22.35, 21.55 
Preparation of 4-isobutylpyrrolidin-2-one

